With aid of a computer, each of the four open reading frames (ORFs) in the P-transposable element of Drosophila melanogaster was aligned with the amino acid sequence of the transposase (TnpA) of bacterial transposon Tn3. The four ORFs, named ORFO, -1, -2, and -3 lined in this order from 5' to 3' direction in the P element, turned out to have on the average 18 percent homologies with the Tn3 transposase in the same order without much overlap between adjacent ORFs. Based on the comparison with consensus sequences at exon-intron junctions, three possible introns were predicted in the P element. Each of these putative introns covers the region between adjacent ORFs and these splicings do not alter the initially predicted reading frames. It appears, therefore, that a mature mRNA processed from the transcript of the whole P element codes a single polypeptide having homology to TnpA. This suggests that the P element and the TnpA gene may have diverged from a common ancestor. Taking account of our previous finding that the resolvase of Tn3 has sequence homology with ORF1 of the P element, evolutionary relationships among the P element, the resolvase gene and the TnpA gene were discussed.
INTRODUCTION
A family of bacterial transposable element collectively called Tn3 has a unique feature of having an about 40 base pair inverted repeat at both terminals, instead of insertion sequences (IS) common to other trransposon families (Kleckner 1981; Heffron 1983) . These bacterial transposons usually code a transposase and resolvase in addition to possesing some drug resistant genes. It is also known that the resolvase has dual functions of mediating site specific recombination and suppressing transcription of the transposase gene. Satta et al. (1985) have reported that one of the four open reading frames in the transposable P element of Drosophila melanogaster has weak homology with the resolvase coding regions of the bacterial Tn3 and ro, and further that some functional analogy seems to exist between the two transposable elements of Drosophila and bacteria. The purpose of this paper is to extend our previous work and to present some evidence indicating that the whole region of the P element has homology with the coding regions of transposases of the bacterial Tn3 and r~ systems. It appears that, if our conjecture based on the homology is correct, the whole P consisting of about 2900 base pairs may code a single transposase composed of several functional domains which cannot be separated into more than one cistron without loosing its function. This implication is consistent with the finding that no mutants at two different open reading frames can complement each other (O'Hare and Rubin 1983; Karess and Rubin 1984) .
ANALYSIS AND RESULTS
With aid of a computer, we attempted to align each of the four ORFs (open reading frame) with a part of Tn3 transposase that shows the maximum homology. Interestingly, the four ORFs, named ORFO, -1, -2, and -3 lined in this order from 5' to 3' direction in the P element, turned out to have the maximum homologies with the Tn3 transposase in the same order without much overlap between adjacent ORFs. Correspondences between the regions assigned as homologous are shown in Figure 1 . Different shading patterns are used to indicate assigned correspondence.
With 0RF1, there are two slightly different alignments possible and both are about equally good. The alignment presented in Fig. l has one large gap of about 100 amino acid residues for which no part of the P element corresponds. If this alignment is correct, a deletion in the P element or an insertion in the Tn3 transposase have occurred. The other alignment of 0RF1 that appears equally good, but not shown in the figure, starts from about the 250th residue of TnpA (transposase of Tn3) and goes a little beyond the 500th. In this case, the 3' end of 0RF1 overlaps for approximately 50 residues with the 5' end of the region corresponding to 0RF2. We were unable to decide which of the two possible alignments for 0RF1 would be better. Similarly with ORFO there were also two slightly different alignments possible. Here we chose one showing slightly higher homology.
The alignment between the first 125 amino acids of 0RF2 and the corres- ponding residues of TnpA showed the highest homology among all alignments. This alignment is presented in Fig. 2 . Identity of amino acid at a corresponding residue is indicated by a solid underline, and the amino acid similarity used in our previous paper (Satta et al. 1985 ) is indicated by a broken underline.
Proportion of the identical amino acid residues varies from 13 percent for ORFO to 21 percent for ORF1, and the average for the entire area is about 18 percent. We take this finding as evidence suggesting that the homology between the ORFs of the P element and TnpA exists and they have diverged from a common ancestor. Moreover, the three possible introns can be identified in the DNA sequence of the P element (see Fig. 3 ). Interestingly, each of these putative introns covers the region between consecutive ORFs and these splicings do not alter initially predicted reading frames (0'Hare and Rubin 1983). It appears, therefore, that a mature mRNA processed from the transcript of the whole P element may code a single polypeptide whose size is comparable to that of TnpA. It is also worth noting that the size of the predicted transcript after splicing is comparable to that of the major species of mRNAs, from the P element, observed by Karess and Rubin (1984) . These findings are consistent with the above mentioned homology between the ORFs of the P element and TnpA. Satta et al. (1985) have reported that the ORF1 and the resolvase coding region of Tn3 have homology, while the same ORF1 is shown in the present paper to have homology with a part of the transposase.
Therefore it is of our interest to examine homology between the part of the transposase and the Tn3 resolvase. The Tn3 resolvase has 185 amino acid residues. When the resolvase is aligned with the region of the transposase corresponding to ORF1, there are 11 identical and 29 similar residues in a total of about 220 residues compared. When the resolvase is aligned to a region of the transposase located about 80 residues downstream from the one mentioned above, there are 16 identical and 34 similar residues, (not shown). These findings may suggest that ORF1, the resolvase and a part of transposase have diverged from a common ancestor.
DISCUSSION
We have shown that the two transposable elements of Drosophila and bacteria have similar structure and size, and further that the two elements have some homology.
We take these findings as evidence suggesting a common ancestor between them.
We examined existence of homology between the inverted terminal repeats of the two systems, and homology between the N-terminal region of TnpA and the upstream region of ORFO. There have been found no evidence suggesting such a possibility.
Homology between P-transposable element 503
Enzymatic feature of transposase is fairly well understood only in limited cases, such as the Mu system of bacteriophage (Craigie et al. 1984; Mizuuchi 1984) , but remains mostly unknown. In particular, molecular mechanism of transposition of the P element is not known, and therefore it is difficult to speculate the functional relationship of the ORFs and TnpA beyond that we have discussed above. However it seems worthwhile to examine the relationship based on the homology of the primary structure of the two genes. We may assume that the Tn3 and P had a common ancestor that had coded a transposase containing a DNA binding domain. The DNA binding domain in the ancestor had duplicated and had evolved into a new gene. The duplicate became an ancestral type of the present resolvase. In the bacterial system, this has further evolved into a gene having dual functions of mediating site specific DNA recombination and of repressor. On the other hand, the P element has remained rather primitive and has not evolved a repressor system. In fact, the four intact ORFs are required in cis arrangement for the transposition. Therefore if the repressor is a protein, it must be coded in a region included in the transposase gene. Our conjecture that the entire region of the P codes only a transposase appears to be consistent with the findings that the P moves at a high rate under a certain condition and that the transpositions mediated by the P leave very often defective remainders behind. We have shown in this paper that some homology and structural similarity exist between transposons of prokaryotes and eukaryotes.
We believe this finding will be useful for further research on molecular aspects of these systems. The present finding might also suggest occurrence of horizontal transmission of transposons across distant taxa, such as bacteria, fruit flies and plants (Doring and Starlinger 1984) .
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